Each of three cone beam computed tomography (CBCT) machines offer a small field of view (FOV); Promax, Accuitomo 3D, and Kodak 9000. The objectives were to determine, when using a small FOV, the difference in contrast-to-noise ratios (CNR) of images obtained from different machines and different scan settings within each machine. A phantom made of a dry mandible with an epoxy resin based substitute (ERBS) block was used. The ERBS block was fixed to the lingual cortex in the posterior left mandible. Water was used to simulate soft tissue. Twenty scans were acquired. CNR was calculated as the difference in density of the ERBS block and a control area divided by the standard deviation of the difference. The CNR obtained from images acquired with the Promax machine (voxel size of 0.2 mm) was higher than the other machines (voxel sizes 0.076, 0.08, or 0.125 mm) when using a small FOV. The Accuitomo 360° scan had higher CNR than the Accuitomo 180° scan due to the doubling of the number of basis images acquired. Smaller voxel size does not necessarily lead to enhanced CNR. Increasing the number of basis images did increase the CNR. (J Oral Sci 54, 227-232, 2012)
Introduction
Oral and maxillofacial radiology has developed considerably in the last decade. cone beam computed tomography (CBCT) was introduced as an alternative to computerized tomography (CT) in diagnosing bone pathologies or dysfunctions in the maxillofacial complex (1, 2) . CBCT is considered to be an accurate imaging modality for dental diagnosis and treatment plan purposes (3, 4) . Patient's age, gender, medical and dental history, and social situation are always considered when building a treatment plan. Radiological services offered are related to almost all of the dental fields including oral surgery (5) , oral medicine (6, 7) , endodontics (8) , periodontology (9) , orthodontics (10) , and implantology (11) .
In the current oral and maxillofacial radiology clinical practice, CBCT machines play a crucial role. Patients currently are having a scan for reasons such as depiction of pathology (12) , bone quantity and quality for implant placement (13) , follow-up for previously accomplished procedure (14) , or orthognatic evaluation (15) . The degree to which the image quality differs between the available settings on the CBCT machine is not known. It is the radiologist's duty to decide which setting will be used and that decision is related to many factors and affects directly the image quality.
Volume reconstructions in CBCT are based on back-projected intensities, obtained from projections located in a full circle around the object under investigation, into the discrete volume grid made up of voxels. The aim of the reconstruction process is to obtain a 'realistic estimate' of the internal structure of an object (16) . It was found by many authors that reducing the voxel size will increase the spatial resolution (17, 18) . Many CBCT machines that offer small voxel sizes are being advertised as providing the best image quality for diagnostic purposes based on an assumption that a smaller voxel size will increase the image quality. An important aspect of image quality in CBCT other than spatial resolution is contrast resolution. Contrast resolution is referred to as the ability of an imaging modality to distinguish between various contrast levels in an acquired image (19) . In general, a lesion-tobackground contrast is related to the contrast-to-noise ratio (CNR), and CNR has been considered to be more closely related to image quality than image noise (20) . The objective of this study was to determine the degree to which the CNR obtained from images captured using three CBCT machines differs.
Materials and Methods
The phantom was used in this study ( Fig. 1 ) consisted of a dentate dry mandible with an epoxy resin bone tissue substitute (ERBS) block (21) . The mandible was anonymous and taken from the forensics lab of the University of Texas Health Science Center at San Antonio. The block was fixed to the lingual cortex medial to the apical region of the left posterior teeth. Wax was used to standardize and delimit the control area. All structures were surrounded with water to simulate soft tissues. Three machines were used for this study: Promax (Planmeca, Helsinki, Finland), Accuitomo 3D (Morita, Kyoto, Japan), and Kodak 9000 (Carestream, Rochester, NY, USA). In each machine, two pairs of Kilovolt peak (kVp) and milliampers (mA) settings preset by the manufacturers were chosen. For the Accuitomo, the two pairs of settings were used with both the 180° scan and the 360° scan. With the 360° scan, the number of acquired basis images and patient's radiation exposure are doubled. Two scans for each KVP and mA setting were acquired with a 1 week difference. A total of 16 scans were acquired (Fig.  2) . The digital imaging and communications in medicine (DICOM) files were exported and 3D on demand viewer was used to view the acquired volumes. On axial views, a 2D region of interest (ROI) covering the surface of the ERBS block was chosen and densities along with standard deviations (SD) were computed. On the same view the control area was chosen and the same variables were computed. The settings of the Promax were 84 kVp / 14 mA and 84 kVp / 16 mA; the Accuitomo 90 kVp / 5 mA and 90 kVp / 7 mA; and the Kodak 9000 70 kVp / 10 mA and 74 kVp / 10 mA. The exposure times for the 180° scan and the 360° scan were 8.5 s and 17 s respectively. For the promax scan the exposure time was 18 s and 14 s for the Kodak. The volume size used for the promax scans was 4 × 5 cm, for the Morita 4 × 4 cm, and for the Kodak 4 × 5 cm.
Statistical methods
The CNR was calculated as the difference between the mean ERBS density and the mean control (water) density divided by the standard deviation of the difference. That is, (22, 23) .
Variables were analyzed using analysis of variance (24) . The linear model included the effects of machine and settings within machine; within the Accuitomo we also analyzed the effects of scan (180° and 360°) and voxel size (0.08 and 0.125). Comparisons of means following the analysis of variance were Bonferroni adjusted. Residual analyses indicated that the data were in reasonable conformity with the underlying assumptions of a normal distribution and constant variance. Results are presented as mean ± standard error (SE).
Results

CNR
The CNR for the different machines and settings are shown in Fig. 3 (Panel A). The CNR was significantly (P ≤ 0.0400) different between the two settings for the Accuitomo 180° scan voxel size 0.08, Accuitomo 180° scan voxel size 0.125, and Accuitomo 360° scan voxel size 0.08; the CNR did not differ (P > 0.2942) between settings for the Kodak and Promax machines.
The CNR of the machines, averaged over the settings within a machine, are shown in Fig. 3 (Panel B) . The CNR for the Accuitomo 180° scan voxel size 0.08, Accuitomo 180° scan voxel size 0.125, and the Kodak were not significantly different. The Accuitomo 360° scan voxel size 0.08 had significantly higher CNR than the Accuitomo 180° scan voxel size 0.08, Accuitomo 180° scan voxel size 0.125, and the Kodak. The CNR for the Promax was significantly higher than the other machines.
Contrast
The average contrasts are shown in Fig. 4 . There were no significant differences between settings within any machine. Averaged over setting, the Accuitomo 180° scan voxel size 0.125 had significantly lower contrast than the 
ERBS SD
The average ERBS SDs which represents a measure of the noise are shown in Fig. 5 (Panel A) . The higher setting had a significantly (P < 0.0286) lower SD for all Accuitomo scans and voxel sizes and for the Kodak; there was no difference between the settings for the Promax. Averaged over the settings within a machine, the SD for the Promax (52.1 ± 1.0) was significantly lower than the other machines; the Accuitomo 180° scan voxel size 0.125 (66.0 ± 1.0) had the next lowest SD which was significantly lower than the SD for the Accuitomo 180° scan voxel size 0.08 and the Kodak. The SD for the Accuitomo 360° scan voxel size 0.08 (67.4 ± 1.0) also was significantly lower than the Accuitomo 180° scan voxel size 0.08 and the Kodak.
Water SD
The average Water SDs are shown in Fig. 5 (Panel B) . For the Accuitomo 180° scan, the higher setting had a slightly lower (P =0.0328) SD; there was no difference between the settings for the other machines. Averaged over the settings within a machine, the SD for the Promax (37.2 ± 2.5) was significantly lower than the other machines; the Accuitomo 180° scan voxel size 0.125 (49.5 ± 2.5) was significantly lower than the Accuitomo 180° scan voxel size 0.08 (78.8 ± 2.5), the Accuitomo 360° scan (62.4 ± 2.5), and the Kodak (78.9 ± 2.5). The Accuitomo 360° scan (62.4 ± 2.5) was significantly lower than the Accuitomo 180° scan and the Kodak. The Accuitomo 180° scan voxel size 0.08 and the Kodak were not significantly different.
Discussion
This study shows that using a smaller voxel size does not necessarily lead to an increased CNR. The SD obtained when smaller voxel sizes were used were significantly increased compared to a 0.2 and 0.125 voxel size; the increased SD resulted in the decrease in the CNR of images acquired when using a voxel size smaller than 0.2 (0.076, 0.08, and 0.125 mm). It is important to stress that only small volumes with almost similar dimensions were used in the study.
However, a small voxel size is needed when a higher spatial resolution will help in depicting fine detail. Maloul et al. found that the voxel size had a direct impact on the image resolution and noise (18) . Cortical bone thickness and material properties in five thin bone specimens were measured at voxel sizes ranging from 16.4 to 488 µm. The measurements derived from large voxel size scans showed large increases in cortical thickness (61.9-252.2%) and large decreases in scan intensity (12.9-49.5%). Bauman et al., in evaluation of the presence of a second mesio-buccal (MB) root canal, found that the larger the voxel size, the less resolution that will be obtained (17) . Overall, 92% of the maxillary molars had two MB canals upon analysis of horizontal cross-sections with magnification. The CBCT detection of MB canals increased from 60.1% at 0.4 mm voxel size to 93.3% at 0.125 mm voxel size.
A smaller voxel will not detect as many x-ray photons as would a larger voxel size. A decrease in the number of photons acquired by a voxel would result in a decrease in signal leading to an increase in noise as suggested by the lower SDs found in this study for the larger voxel sizes. However, the larger voxel sizes give less spatial resolution and should not be used if the reason of the scan is the depiction of fine details such as depicting a mesio-buccal root canal in a maxillary molar tooth. Factors other than voxel size contribute to the resultant CNR. All the volume sizes used in this project were small. Other factors include the detector quality and the reconstruction algorithm of each machine. In the current project, even with increased exposure time when the 360° scan was used, the CNR was still lower than the images acquired with a 0.2mm voxel size.
The Accuitomo 360° scan gave an increased CNR compared to a 180° scan. Increasing the number of basis images acquired by the machine turning in a full circle motion instead of half of a circle did lead to a better image quality. When a larger number of basis images are acquired, the exposure time increases. In addition, the amount of data to be stored and processed will increase also, but a higher quality image will be obtained. Lofthag-Hansen et al. have shown that exposure parameters should be adjusted according to diagnostic task (25) . The CBCT units used were the 3D Accuitomo (Field of view (FOV) 3 × 4 cm) and 3D Accuitomo FPD (FOVs 4× 4 cm and 6 × 6 cm) both manufactured by J Morita, Kyoto, Japan; a rotation of 180° compared to a 360° which takes twice the time to be acquired, gave good subjective image quality, hence a substantial dose reduction can be achieved without loss of diagnostic information. In addition, Bechara et al. concluded that metal artifacts cause a decrease in CNR (22, 23) . The increase in CNR found in this study when increasing the basis images in the Accuitomo machine may be used to counteract the effects of metal artifacts.
The difference in CNR was not significant between a 4 × 4 cm FOV using a 0.08 mm voxel (rotation of 180°) and a 6 × 6 cm FOV using a 0.125 mm voxel (rotation of 180°) which suggests with less reconstruction time almost the same CNR can be obtained. Scout images should always be acquired to make sure that the area of interest will be captured in the scan.
The contrast obtained in the 6 × 6 FOV was different than the one obtained with the other machines and with the same machine itself when the 4 × 4 cm FOVs were used which implies a definite role of the reconstruction algorithm in computing the densities and contributing to the image quality in general.
Tanimoto et al. evaluated the effects of changing the voxel size on the resolution and noise of CBCT reconstruction images (26) . The voxel sizes used for reconstruction were 160, 80, and 40 µm using prototype software for the Accuitomo F8 (J. Morita, Kyoto, Japan). The MTF at 2l p/mm was 0.05, 0.12, and 0.12 for voxel sizes of 160, 80, and 40 µm, respectively, and the SD of the noise was 10.0, 13.8, and 17.1% for the same respective voxel sizes. The limit of resolution was determined to be the 80 µm voxel size. When the voxels were smaller, the noise increased. Their findings show that decreasing the voxel size increases the noise which conforms to the results in the current paper. In addition, a voxel size smaller than 0.08mm (0.04mm) didn't enhance the resolution and resulted in more noise. This study is an in vitro study and looked only at one aspect of image quality. It evaluated how the CNRs of small FOV differ between CBCT machines using the manufacturers' recommendations for kVp and mA. It may be interesting to evaluate diagnostic accuracy difference between varying voxel sizes when using small volumes. This is particularly important because smaller voxel sizes are being marketed on the assumption that they will lead to the highest image quality.
In conclusion, for small FOVs acquired in CBCT, a 0.2 mm voxel size lead to a better contrast resolution compared to voxel sizes of smaller dimensions. Decreasing the voxel size led to an increased noise and decreased CNR because fewer x-ray photons are detected. The contrast and spatial resolutions should be evaluated in parallel when using a smaller voxel sizes in CBCT. Scans acquired with higher basis images yield an enhanced CNR.
